myo-Inositol hexakisphosphate (phytic acid) and its salt (phytate) represent the major form of P present in plant feeds. Because simple-stomached species such as swine, poultry and fish do not have hydrolytic enzymes in their digestive tracts, phytate in feed is poorly digested by these animals and is largely excreted into feces. This results in the need for supplemental inorganic P, a non-renewable natural resource, in diets for the simplestomached animals. More problematically, the excessive manure P excretion in areas of intensive animal production has become a major environmental pollutant, contributing to eutrophication. In addition, phytic acid chelates divalent metals such as calcium, zinc, and iron, and renders them unavailable for absorption.
Phytase is a phosphohydrolytic enzyme that initiates the stepwise removal of phosphate from phytate. Supplemental microbial phytase in diets for swine and poultry has become an effective tool for improving bioavailability of phytate-P to these foodproducing animals, reducing dietary inorganic P supplementation, and controlling manure P excretion in complying with environmental regulation. Several commercial phytase enzymes have been available, but none of them is completely satisfactory.
Functional site and impact of phytase. The stomach is the main functional site for both fungal and bacterial phytases to release phytate-P. Little supplemental phytase activity is detectable beyond the upper small intestine. Numerous experiments have shown that supplemental microbial phytases at between 300 and 1,000 units kg -1 of feed improve bioavailability of dietary P by between 10 and 35%, and reduce manure P excretion by up to 50%. In production, specific dietary inclusion rates of phytases for different species have been recommended to provide equivalence for the replacement of 1 g of inorganic P.
Efficacy determinants and application limitation of phytase. When microbial phytase is supplemented into diets, total dietary calcium levels should be reduced to a calcium to P ratio of approximately 1.2:1. Effectiveness of supplemental phytase may be improved by the presence of organic acids, but could be reduced by the presence of inorganic P. The combination of intrinsic phytase activity present in cereal byproducts and supplemental exogenous phytase exhibits additive effect on phytate P hydrolysis, but synergistic effects of exogenous microbial phytases with different biochemical properties remain unclear. Supplemental phytase with other feed enzymes such as proteases or cell wall-degrading enzymes has been shown to improve phytase efficacy and the overall nutritive utilization of the feed. Because of the acidic pH optimum and great pepsin resistance, bacterial phytase (AppA2) is three to four-fold more effective than fungal PhyA phytase in both diets for swine and poultry. The inability of phytase to tolerate heat inactivation from feed pelleting is the main constraint for the wide application of phytase in animal production. When stored under cool and dry conditions, phytase preparations are stable up to 4 to 12 months in powder form or up to 6 months in liquid form. Caution should be taken when storing phytase with mineral and vitamin premixes, as some of their components may have deleterious effects on its stability. The extra cost associated with supplemental phytases can only be justified in areas where regional environmental policies impose a maximum allowable level of manure P.
Biotechnology of phytase.
Early biotechnology of phytase focused on screening for novel phytase genes. That effort resulted in the isolation and characterization of several new phytase genes from bacteria (E. coli; Bacillus sp.) and fungi (Aspergillus fumigatus; Peniophora lycii). These novel phytases offer a wide range of enzymatic properties for developing effective phytases targeting different species or feed processing conditions. Most recent molecular research of phytase has been shifted to developing efficient enzyme production systems and optimizing catalytic efficiency and thermostability of phytase. Different expression systems of bacteria, yeast, and plants have been compared for low cost of large scale of phytase fermentation. Crystal structures of several phytases have been solved and provided the structural basis for site-directed mutagenesis with desirable functions. This approach has been successfully employed to shift the optimal pH of Aspergillus niger PhyA phytase from 5.5 to 3.5 and made the enzyme more effective in the digestive tract of pigs than the wild-type enzyme. Directed evolution such as errorprone PCR has been used to improve the thermostability of commercially important phytases. A heat-stable consensus phytase has been synthesized based on primary sequence homology of different fungal phytases.
Future perspective. Developing catalytically efficient, protease-resistant, heat-stable, and economic phytases or "ideal phytases" for different species and types of animals will overcome the current constraint of phytase application. A wide application of phytase in animal diets will alleviate manure P pollution worldwide. Transgenic plants overexpressing phytase in leaves and seeds have recently been developed and may offer another economic source of phytase for animal or even human nutrition. Meanwhile, lowphytate grains have been identified, which can provide an appreciable level of available P to animals. Transgenic pigs with over-expressed phytase in their saliva could relieve their requirements for inorganic P supplements in plant-based diets, because they excrete approximately 70% less of fecal P than control animals. Hopefully, these novel technologies can be combined to effectively improve dietary phytate utilization by animals and to minimize environmental pollution of their manure P excretion.
